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      The goal of this study is to determine the influence of growing structures on 
depositional processes, sedimentation, stratigraphy and reservoir facies 
distribution in the Niger delta slope, Gulf of Guinea, offshore West Africa. The 
focus is on the evolution of slope-turbidite channels, the effects of channel 
variation on the architecture of associated deposits, stratigraphic and seismic 
facies evolution, and the growth or basin-fill history. 
      The dataset used for this research is a conventional 3D seismic survey and 
an EDGETM (enhanced detection of geologic events) volume. The study interval 
lies between 1350 and 2500 ms TWT. There are several wells in the area, but 
there are no logs or cores in the study interval. 
      A translational zone exists between the growth-fault dominated region and 
the deepwater thrust-fault domain. In this region, growing structures such as 
mobile shales, mud diapirs and growth faults influenced depositional processes 
and sedimentation, and ultimately determined the development, distribution and 
architecture of reservoir facies. 
      Four distinct seismic facies occur in the study area: mass transport 
complexes (MTCs), distributary lobe complexes (DLCs), amalgamated channel 
complexes (ACCs), and drape complexes (DCs). MTCs have chaotic, 
discontinuous, low- impedance seismic reflections. DLCs are made up of high-
continuity, high- amplitude, parallel seismic reflections, and are considered to 
be the most sand- prone facies in the study area. ACCs have high-amplitude, 
discontinuous and chaotic seismic signatures. DCs are made up of laterally 
continuous, low- to high- amplitude seismic reflections. The stacking pattern 
and cyclicity of depositional cycles in the study area have MTCs at the base, 
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overlain by ACC or DLC, depending on location within the mini-basin. Each 
depositional cycle is capped by a DC. 
      This study shows that growth of mud diapirs controlled the stratigraphic 
evolution and fan distribution in this area. Channel morphology changed from 
highly sinuous at depth to relatively straight in shallower intervals. This was 
caused by the deposition of laterally extensive, thick mass transport deposits 
over the older sinuous channels. Sinuous older channels had reservoir facies 
deposited both within channel axes and as lobes. The less sinuous, younger 
channels only have reservoir facies deposited as lobes. 
      The fill- and spill-model for salt-withdrawal intra-slope basins needs to be 
modified for shale-diapir sub-basins. Whereas the salt-withdrawal basins are 
three-dimensional, bowl-shaped, and closed, shale-diapir basins are mostly 
semi-circular in shape. A modified depositional model referred to as the ‘fill-, 
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     The study area is located in the Niger delta basin, Gulf of Guinea, in the 
western part of the African continent (Figure 1.1). The purpose of this study is 
to use conventional 3D seismic data and an EDGETM volume to interpret the 
structural controls, depositional processes, stratigraphy, facies distribution and 
architecture of submarine fans within a Niger delta intra-slope basin. This study 
interprets horizons and faults to generate time-structure maps, uses root mean 
square and interpolated amplitude extraction to study fan distribution, and 
EDGE analysis to study channel morphology and fault patterns.  This study 
corroborates efforts of earlier workers in this area by evaluating the influence of 
structural growth (with respect to shale diapirs and extensional growth faults) 
on depositional processes, sedimentation, stratigraphy and reservoir facies 
distribution and architecture in the intra-slope basins, offshore Niger delta. This 
is be achieved by directly studying the stratigraphic and seismic facies 
evolution, channel evolution, spatial and temporal variation in channel type, 
variation in architecture of depositional elements associated with the channels, 
as well as sediment growth pattern within the sub-basins. 
     This study is designed to take a critical look at the influence of these 
structural elements on the physiography of the intra-slope sub-basins through 
time.  An understanding of the processes and the resultant depositional model is 
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Figure 1.1- Niger delta basin showing bathymetry, zones of gravity tectonic structural style,  
                depocenters and modern submarine canyons (modified after Knox and Omatsola,  
                1989; Damuth, 1994). Thick arrows show submarine canyons. L – Lagos; A – Avon; 
                M – Mahin; N – Niger; KI – Kwa Ibo; and C – Calabar. The study area is shown. 
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1.1 Research Objectives 
 
     The purpose of this study is to improve turbidite reservoir prediction and 
architectural characterization by studying the relationships between structural 
growth (mobile shale and growth faults), depositional processes and 
sedimentation. Another goal is to determine the effect of this inter-relationship 
on the development, distribution and architecture of reservoir facies. 
Specifically, the objectives of this study are to: 
 
 Analyze stratigraphic and seismic facies evolution in a slope setting 
using 3D seismic data and an EDGE volume. The manner and pattern of 
filling of these mud-diapir controlled intra-slope basins will be compared 
to the established filling model for salt-withdrawal basins in the Gulf of 
Mexico intra-slope basins. 
 
 Study the evolution of deep-water slope turbidite channels and document 
channel morphological characteristics and their changes through time 
and space. 
 
 Analyze deep-water channel architectural elements in a Niger delta slope 
sub-basin. Use architectural characteristics of the deposits filling the 
channels to evaluate the possible differences in the associated deposits 
based on the channel types. 
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 Establish the relationships between structural growth and depositional 
processes, sedimentation, stratigraphy, and reservoir facies distribution 
and architecture. 
 
 Improve reservoir prediction and architectural characterization in the 
deep-water Niger delta by relating deep-water channel evolution to fan 
distribution. This study will serve as an analog to deeper prospective 
levels and will sharpen our knowledge of the expected architecture with 
different channel types. 
 
 Generate a depositional model for the deep-water Niger delta slope. 
 
 Study the filling history of a shale-diapir controlled intra-slope basin. 
 
 
1.2 Previous Work 
 
     Recently, various workers both in industry and academia have concentrated 
efforts on studying deep-water stratigraphy, depositional elements, turbidite 
deposition, reservoir types and architecture, and channel patterns. Efforts 
include those of Beaubouef et al. (1998, 2000), Posamentier et al. (2003), Edith 
et al. (2005), Badalini et al. (2000), Posamentier et al. (2000), Weimer et al. 
(1995, 2004), Prather et al. (1998), Mayall (2000), Pirmez et al. (2000), Clark 
and Pickering (1996), Booth et al. (2000), Demyttenaere (2000), Brami (2000), 
Gardner et al. (2003), Adeogba et al. (2005), and McHargue (1991). These and 
other relevant studies have led to the development of the fill and spill model for 
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salt withdrawal intra-slope basins in the Gulf of Mexico, facies associations and 
stacking patterns in the deep-water system, deep-water depositional elements 
and their associations, and submarine fan types and architecture. 
     Prather et al. (1998) examined the filling process of the Gulf of Mexico 
intra-slope basins, studied facies associations and stacking patterns in this 
system, and recognized A, Bh, Bl, Cbh, Cbl, Cth, Ctl, D and E facies based on 
seismic characters and internal event geometry. Beaubouef and Friedman 
(2000) described the filling process and seismic facies associations in the 
western Gulf of Mexico Pleistocene intra-slope basins. They interpreted the 
stacking pattern of seismic facies in the deep-water setting.  They also 
examined seismic facies cyclicity of alternating deposits in the following order 
from bottom to top:  mass transport complexes (MTCs), distributary channel 
and lobe complexes, levee channel complexes, and drape complexes. Badalini 
et al. (2000) examined the filling process as well as the stratigraphy and seismic 
facies succession in the late Pleistocene Brazos-Trinity turbidite system, Gulf of 
Mexico continental slope. Pirmez et al. (2000) studied a variety of submarine 
channels, processes that disrupt their equilibrium profile, and the effects of such 
disruptions on the architecture of deepwater reservoirs. Posamentier and Kolla 
(2003), in their study of deep-water settings, identified five depositional 
elements and described the architecture of associated deposits. Booth et al. 
(2000) looked at the link between eustatic cycles, depositional processes, 
accommodation space, and resulting deposits for the Auger basin, central Gulf 
of Mexico slope. Sullivan et al. (2000) used outcrops for reservoir architectural 
analysis. They used this to bridge the gap in both scale and resolution between 
seismic and well-bore data. Clark and Pickering (1996) examined the 
architectural elements and growth pattern of submarine channels and the 
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characteristics of associated deposits. Gardner et al. (2003) studied the process-
response model for a submarine channel-lobe system using the Brushy Canyon 
outcrop. They examined the cause and effect of lateral migration of channel-
lobe systems through time. All of these studies, among others, have contributed 
to the understanding of deep-water depositional systems from the slope to basin 
floor. 
     A number of workers, especially in the oil and gas industry, have worked in 
the Niger delta deep water both on stratigraphy and structure. The Niger delta 
has been sub-divided into seven depositional centers, referred to as depobelts, 
based on the age of their associated paralic sequence and the age of the alluvial 
sands that cap the paralic sequence (Doust and Omatsola, 1990). The onshore to 
shelf region has six subdivisions: northern delta, greater Ughelli, central swamp 
I, central swamp II, coastal swamp I, and coastal swamp II. The depobelts are 
either NE-SW or NW-SE trending (Figure 1.1). The interplay of subsidence and 
sediment supply resulted in discrete depobelts. When further crustal subsidence 
of the basin could no longer be accommodated, the site of sediment deposition 
shifted seaward to form a new depobelt (Doust and Omatsola, 1990).  Each 
depobelt is known as a mega-structure, and it is separated from the next by 
major structural building, regional and/or counter-regional faults (Evamy et al., 
1978). The offshore portion is the seventh depobelt (Figure 1). Each cycle 
(depobelt) is 30-60 km wide and progrades southwestward about 250 km over 
oceanic crust into the Gulf of Guinea (Stacher, 1995) and has its own 
sedimentation, deformation and petroleum history. The study area is located in 
the offshore part of these sub-divisions. 
     Damuth (1994) subdivided the delta into three tectonic zones: (1) 
extensional, (2) translational, and (3) compressional (Figure 1.1). The study 
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area falls within the translational zone of this division, and consists of structures 
such as compressional mud or shale diapirs and extensional faults that 
underwent some inversion at depth due to movement on the shale ridges. 
     Mitchum et al. (2000) looked at tectonic controls on Niger delta regional 
deep-water stratigraphy and subdivided the entire delta into three tectonic 
settings: (1) shelf areas, (2) diapiric slope areas, and (3) compressive toe thrusts 
in near- and far-distal basin regions. 
     Adeogba (2003) studied the channel patterns and architecture of the fans 
associated with the shallow channels in this area using a near-surface 3D 
seismic data set. 
     Corredor et al. (2005) further subdivided the delta into five tectonic zones 
with an emphasis on the structural styles in the deep-water fold and thrust belts 
of the Niger delta. The study area falls within the mud diapir zone of this 
division (Figure 1.2). 
     Adeogba et al. (2005), in their work on the Niger delta slope,  identified 
seismic facies in the study area to include mass transport complexes, 
distributary channel and lobe complexes, and drape complexes. They 
interpreted distributary channel and lobe complexes as the sandy reservoir 
facies in this system. They attributed the lack of leveed channel complexes in 
this area to the lack of fine-grained sediment to build levees. Also, they 

































Figure 1.2 – Niger delta basin showing study area and tectonic zones (after  





1.3 Research Contributions 
 
Some of the major contributions of this research are: 
 
 Stratigraphic and seismic facies analysis for this intra-slope basin 
revealed that growth of mud diapirs caused depositional axes to change. 
This is due to the semi-circular nature of the intra-slope basins, which is 
different from what has been documented for salt-withdrawal basins, 
which are usually bowl-shaped. 
 
 Horizon maps on both EDGETM and interpolated amplitude showed that 
the morphology of the slope channels changed through time and space. 
At depth, the channels are more sinuous, whereas the shallower channels 
have relatively lower sinuosity. 
 
 Further analysis of the slope channels using both horizon maps and 
seismic sections revealed that channel variations affected the architecture 
of associated deposits. The more sinuous channels have reservoir facies 
deposited within the axes of the channels in addition to the frontal lobes, 
whereas the sinuous channels only have frontal lobes associated with 
them. 
 
 Root mean square (RMS) amplitude maps revealed that there was 
shifting in the locations of submarine fans, caused mainly by the growth 
of mud diapirs in the study area. 
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 Recognition of at least six reservoir elements with distinct architectural 
characteristics in the study area can be used as analog to study deeper 
prospective levels. 
 
 A depositional model generated for this intra-slope basin, which is 
controlled by mud diapirs, shows a different filling history from that of 
salt-diapir controlled intra-slope basins of the Gulf of Mexico. The 
model developed for salt-diapir basins is ‘fill and spill; while that of 
mud-diapir basins as revealed by this study appears to be ‘fill, spill and 
deflect’, whereby the main axis of deposition changes instead of 





















2.1 Study Area and Dataset 
 
     The study area on the Niger delta slope is located about 130 km offshore and 
at a water depth varying from 1300 to 1500 m (Figure 2.1). The area falls 
within the mud diapir zone beneath the upper continental slope, which is 
defined by passive, active and reactive mud diapirs (Morley and Guerin, 1996; 
Corredor et al., 2005) and the translational zone of Damuth (1994). The study 
area is characterized by shale ridges and massifs, shale overhangs and vertical 
mud diapirs that form mud volcanos at the sea floor and interdiapir sub-basins 
(Graue, 2000; Corredor et al., 2005). Shale diapirs are formed from loading of 
poorly compacted, over-pressured prodelta and delta-slope clays of the Akata 
Formation by the higher density delta-front sands of the Agbada Formation. 
     The Niger delta intra-slope basins are slightly different from the well-studied 
salt-withdrawal basins of the Gulf of Mexico continental slope. While the salt 
withdrawal basins are three-dimensional, bowl-shaped, closed basins, the shale-
diapir controlled intra-slope basins of the Niger delta occur in a semi-circular  
form (Figure 2.2). Therefore, the fill and spill model developed for the mini 
basins of the Gulf of Mexico continental slope must be modified for the growth 
history of the Niger delta intra-slope basin and other basins with similar 
tectonic setting. 
     Based on differential ponded-basin accommodation space (Prather et al., 




























Figure 2.1 - Niger delta basin and its relation to bounding structural features   






































Figure 2.2 – RMS amplitude map over the study area showing locations of mini-basins. 
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basins. Basin I is located at the southeast, Basin II at the center, Basin III at the 
southwest, and Basin IV at the northwestern region of the study area (Figure 
2.2). The four basins are separated mainly by topographic relief created by mud 
diapirs, but linked by a network of channels. 
   The dataset for this research is a conventional 3D seismic data and EDGETM 
volume. The 3D seismic data has a -90 degree phase and a dominant frequency 
of 60 hertz.  EDGETM, otherwise known as Enhanced Detection of Geologic 
Events, is a Chevron proprietary version of the more popular coherency volume 
that transforms the amplitude cube into a difference cube. It is different from 
coherency in that while the latter is based on trace to-trace-correlation, the 
former is based on trace-to-trace differences. EDGETM processing has become 
very useful in structural interpretation to define fault geometry and continuity, 
and in seismic stratigraphic interpretation to define channel forms and fan 
geometries. The survey covers about 500 km2 and spacing between lines is 12.5 
m in both inline and crossline directions. These are oriented east-west and 
north-south, respectively. The thickness of the study interval ranges from 1000 
ms (~1000 m) in the northern part to 1200 ms (1200 m) in the southern sub-
basins. The time interval is generally between 1300 to 2500 ms. Seismic events 
are generally continuous with high amplitudes in shallow intervals (1300 to 
1800 ms). Below 1800 ms, the seismic quality is not as good and reflectors are 







2.2 Stratigraphic Setting 
 
This section discusses the geologic overview of the basin, and a brief regional 
and local stratigraphy. 
 
2.2.1 Basin Overview 
 
     The Niger delta is one of the world’s largest deltaic systems. The delta 
covers an approximate area of about 300,000 km2 (Kulke, 1995), with sediment 
volume of 500,000 km3 (Hospers, 1965) and sediment thickness ranging 
between 9,000 and 12,000 m. The delta extends more than 300 km from apex to 
mouth (Doust and Omatsola, 1990). Galloway (1975) classified the Niger delta 
as a wave- dominated tidal-influenced delta. The Niger delta is bounded to the 
north by the Anambra basin, to the west by the Okitipupa high and the Benin 
flank, and to the east by the volcanic rocks of the Cameroon volcanic zone 
(Figure 2.1). There was an original paleo-high that separated the eastern from 
the western delta, but that has since been covered with sediments. 
      The Niger delta is an overall regressive sequence (Figure 2.3) formed by an 
interplay between the rate of deposition or sediment supply and the rate of 
subsidence or accommodation space creation. For this delta, the rate of 
deposition far exceeded the rate of subsidence, which resulted in an overall 
progradational delta (Knox and Omatsola, 1990). Major submarine canyons 
delivered sediments from the shelf edge into the deep-water environment. Some 
of the canyons are: Lagos, Avon and Mahin in the west, Niger canyon at the 
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Figure 2.3 - Niger delta basin and its stages of development (modified after Short       




























Figure 2.4 – Major submarine canyon locations and associated deep-sea fans  
                 (modified after Damuth, 1994). The study area is shown. 
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2.2.2 Regional Stratigraphy 
 
     The southern Nigeria basin originated during the Early Cretaceous from an 
X-shaped depression in the basement complex of the African shield, oriented 
northeast-southwest and northwest-southeast (Short and Stauble, 1967). The 
thickest sedimentation occurred along the northeast-southwest Benue rift valley 
and its eastern parallel equivalent, the Abakaliki trough. The southern Nigeria 
sedimentary basin is made up of subsurface formations and their outcrop 
equivalents where applicable (Short and Stauble, 1967) (Figure 2.5). The Azu 
River Group, which is the oldest formation listed in Table 1, is Albian in age. 
This consists of dark micaceous sandy shale and fine-grained sandstone. This 
formation is restricted to the southeastern part of Nigeria. In some places, this 
group is made up of interbedded shale and bioclastic limestone. There was a 
major marine transgression during the Turonian, which led to the development 
of the Eze Aku Shale. This consists of an alternation of thick shale with 
limestone lenses. The Eze Aku Shale is overlain by the Awgu Shale, which 
ranges in age from Turonian to early Santonian. Between the Coniacian and 
Santonian, there was structural movement and a period of folding, faulting and 
uplift. The Abakaliki trough became the Abakaliki anticlinorium and a 
sediment source.  The structural inversion of the Abakaliki basin also created 
two depressions, the smaller Afikpo syncline on the southeastern flank, and the 
much bigger Anambra basin on the western flank (Figure 2.6). 
      This subsidence initiated a renewed marine transgression, leading to the 
deposition of the Campano-Maastrichtian Nporo Shale, which is overlain in the 
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Figure 2.5 – Map of southern Nigeria showing outcrops of Cretaceous and Tertiary 
                     formations (modified after Short and Stauble, 1967). 
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Table 1: Regional stratigraphy of the Niger delta area (modified after Short and   



































Figure 2.6 - Map of southern Nigeria showing location of basins and ancient 
                 depositional sites (simplified from Short and Stauble, 1967). 
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Formations. Only the lower part of the Mamu Formation recorded marine 
influence. This period of regression was followed by a basin-wide transgression 
during the early Tertiary, which led to the deposition of the Paleocene Imo 
Shale in the east. This grades partly into the Ewekoro Formation in the west. 
The Imo Shale is considered to be the outcrop equivalent of the older section of 
the subsurface Akata Formation. The deposition of the Imo Shale was followed 
by a period of regression that led to the deposition of the sandier Ameki 
Formation (Figure 2.7). The sedimentary sequence became increasingly sandier 
up section because of continuous regression and deltaic deposition. The Ameki 
Formation is overlain by the Oligocene to Miocene Ogwashi Asaba Formation.   
Both formations are considered to be outcrop-equivalents of the subsurface 
paralic Agbada Formation. The Benin Formation caps the Niger delta sequence. 
 
2.2.3 Local Stratigraphy 
 
Short and Stauble (1967) subdivided the recent Niger delta into three 
lithostratigraphic units, ranging in age from Paleocene to Recent. They are the  
Akata, Agbada, and Benin Formations, from bottom to top. This sequence 
exhibits a very strong diachronous relationship (Figure 2.8). The type sections 





     The Akata Formation is located at the base of the Niger delta sequence and 




























Figure 2.7 – Stratigraphic section of the Anambra basin from Late Cretaceous to the  
                Eocene and time-equivalent formations in the Niger delta (modified from  





























Figure 2.8 - Schematic diagram of the regional stratigraphy of the Niger 
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environments. Thick shales (potential source rocks), turbidite sandstones 
(potential deep-water reservoirs), and some clays and siltstones were deposited 
during lowstands when these materials were transported to deep-water areas 
that were characterized by low-energy, anoxic conditions (Stacher, 1995). The 
formation is Late Paleocene to Recent in age. The Akata is characterized by 
high plasticity and overpressures, especially at depth. All major structural 
building faults and counter-regional faults merge onto a plane at the lower part 
of this formation (Corredor et al., 2005). The thickness of the Akata Formation 
ranges from 2,000 m at the most distal part to 7,000 m beneath the continental 
shelf (Doust and Omatsola, 1990). The Akata exhibits low P-wave seismic 
velocities of about 2000 m/s (Corredor et al. (2005) and is generally represented 





     The Agbada Formation comprises a paralic sequence of interbedded 
sandstones and shales. This represents the actual deltaic portion of the 
sequence. The sandstones were deposited in prograding transitional or coastal 
environments that consisted of lagoon, brackish water, bay, beach, shoreface, 
fluvio-deltaic and barrier islands of a delta front, delta topset and fluvio-deltaic 
environments. The shale interbeds are prodelta to hemipelagic in origin. The 
Agbada Formation is Eocene to Recent in age and about 3,500 m thick. Most of 
the hydrocarbon accumulations on the shelfal portion of the Niger delta have 
been found in this formation. The paralic nature of the Agbada Formation is a 
reflection of the local relative sea-level fluctuations, variation in sediment 
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influx and differential subsidence. Sand percentage varies from up to 75% in 
the upper part to less than 50% in the lower part (Short and Stauble, 1967). This 





      The uppermost unit of the Niger delta sequence, the Benin Formation, is 
mainly arenaceous and consists of marginal-marine to continental sandstones 
deposited in fluvial to coastal environments. The environment of deposition 
includes braided streams and meander-belt systems of the continental upper 
delta plain. The formation ranges in age from Oligocene to Recent, although the 
lack of fauna has made direct age dating somewhat difficult (Doust and 
Omatsola, 1990). This formation has a very high sand percentage (70-100%) 
with a very few minor shale interbeds. The shales are deficient in characteristic 
marine or brackish-water microfauna. The thickness is variable and could be 
more than 2,000 m (Short & Stauble, 1967). To date, very few hydrocarbon 
accumulations have been discovered in the Benin Formation. 
 
 
2.3 Structural Setting 
 
This section briefly explains the structural styles in the Niger delta basin. Both 




2.3.1 Regional Structure 
 
     The Niger delta is located in the Gulf of Guinea, at the failed arm of the ‘rift-
rift-rift’ (RRR) triple junction rift system that led to the opening of the south 
Atlantic during the Cretaceous (Figure 2.1).  The third arm is an aulacogen, 
which is the Benue trough. The Niger delta was divided into three structural 
zones by Damuth (1994): (1) the upper extensional zone I of listric faults 
beneath the outer continental shelf; (2) the translational zone II beneath the 
continental slope; and (3) the compressional zone III beneath the lower 
continental slope and rise. The upper extensional zone I is characterized by 
syndepositional extensional growth faults, which are the products of gravity 
sliding that formed when relatively heavier sands prograded over uncompacted 
shales with low shear strength. The process of this mode of delta advancement 
was referred to as the ‘escalator regression model’ (Knox and Omatsola, 1989). 
Deposition in this zone is controlled mainly by the interplay of sedimentation, 
subsidence, and growth faulting.  Gravity tectonics are expressed in complex 
structures, including rollover anticlines, collapsed growth fault crests, back-to-
back features, and steeply dipping, closely spaced flank faults (Evamy et al., 
1978). The growth faults have been grouped into micro, macro, and mega-
structures based on the areal extent, as well as the size and reach of associated 
bounding faults. A more detailed description of these extensional structures can 
be found in Evamy et al. (1978). The extensional growth faults define the 
depositional centers. Depositional centers in this zone are sub-divided into 
mega-structures bounded at the proximal and distal ends by regional and/or 





























Figure 2.9 – Sequence stratigraphic model for the central portion of the Niger delta showing the relation 
                    of source rock, migration pathways and hydrocarbon traps related to growth faults. The  
                    main boundary faults separate megastructures, which represent major breaks in the regional 
                    dip of the delta (Evamy et al., 1978). Figure modified from Stacher (1995). The 
     Hydrocarbon accumulation
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Time lines 
Top of oil window 
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The growth faults in this region act either as migration pathways or structural 
traps depending on the prevailing conditions, and the associated rollover 
anticlines act as traps for hydrocarbon accumulations. The translational zone 
has a combination of extensional growth fault, and compressional mud diapirs 
and shale ridges. 
     Connors et al. (1998) and Corredor et al. (2005) further subdivided the delta 
into five structural provinces or zones based on seismically imaged structural 
styles (Figure 2.10): (1) an extensional province beneath the continental shelf, 
defined by listric basinward-dipping (roho type) as well as counter-regional 
normal growth faults and associated rollover anticlinal structures; (2) a zone of 
mud diapirs beneath the upper continental slope; (3) the inner fold and thrust 
belt characterized by basinward-verging thrust faults and associated folds; (4) a 
transitional detachment fold zone beneath the lower continental slope; and (5) 
the outer fold and thrust belt characterized by both basinward- and hinterland-
verging thrust faults and associated folds. 
 
 
2.3.2 Local Structure 
 
     The study area falls within the translational zone of Damuth (1994) and the 
mud diapir zone of Corredor et al. (2005), beneath the upper continental slope. 
The zone is characterized by passive, active and reactive mud diapirs (Morley 
and Guerin, 1996). Vertical mud diapirs form volcanos at the sea floor (Graue, 
2000) (Figure 2.11). The physiography in this area is controlled by both 
extensional and compressional tectonic factors. The mud diapirs and growth 




























Figure 2.10 – Map of southern Nigeria (A) and a regional cross-section (B) showing  
                    the five tectonic provinces in the Niger delta (Corredor et al., 2005). 
Y 
Detachment fold province 
Mud diapir 






































Figure 2.11 – (A) Line of section NE-SW across the study area. Vertical scale is in  
                   TWT, vertical exaggeration is x8, and (B) RMS amplitude map, 0 to 25  















materials encountered a sudden break in slope gradient or a reversal of slope 
across these structures (Adeogba et al., 2005). Deposition in this setting is  
controlled by a combination of structural growth (mud diapirs and growth 
faults), which created accommodation space, and sediment influx from the 
staging area. For this type of basin setting, palinspatic reconstruction is very 
difficult because of poor bathymetric resolution of benthic foraminifera. Also, 
structural restoration is further complicated by inversion tectonics, whereby an 
original hanging wall block of a normal growth fault moved up by growing 
mud diapirs (Figure 2.12), erosion of resultant structural uplift, and bypass or 
non-deposition over structural highs. 
 
 
2.4   Petroleum System 
 
     There is one petroleum system recognized for the Niger delta, which is the 
Tertiary Akata-Agbada system (Figure 2.13) (Ekwezor and Dakoru 1994; 
Kulke 1995; Tuttle et al., 1999). The elements of the Niger delta petroleum 
system are discussed below. 
 
 
2.4.1 Source Rock 
 
     The Akata Shale is the main source of petroleum in the Niger delta, with 
smaller amounts generated from the mature shale beds in the lower Agbada 





























Figure 2.12 – A seismic section (line J-J’ on Figure 23) with interpreted horizons in the area of study area  
                    illustrating reversal of throw across extensional normal growth faults. Vertical scale is   
TWT in msec.




































Figure 2.13 – Event chart of the Niger delta showing Akata/Agbada petroleum system  
                    (Tuttle et al., 1999). 
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contents sufficient to be considered good source rocks (see data in Ekwezor and 
Okoye, 1980; Nwachukwu and Chukwura, 1986). The interval, however, rarely 
has thickness sufficient to produce a world-class oil province, and shales are 
immature in various parts of the delta (Evamy et al., 1978; Stacher, 1995). In 
contrast, the Akata Shale is present in large volumes beneath the Agbada 
Formation (Figure 2.8) and is volumetrically sufficient to generate oil for a 
world-class oil province such as the Niger delta. Different researchers have 
reported contrasting values for the total organic content of the source rocks, 
ranging from as low as 0.9% to as high as 14.4% (Tuttle et al., 1999). The 
organic matter consists of mixed maceral components with 85-98% vitrinite and 
some liptinites and amorphous organic matter (Bustin, 1988). There is no 
evidence of algal matter and the shales are low in sulphur (0.02 to 0.1%). The 





     Petroleum in the Niger delta is produced from unconsolidated sandstones 
predominantly in the Agbada Formation. Characteristics of these Agbada 
Formation reservoirs are controlled by depositional environment and depth of 
burial. Known reservoir rocks are Eocene to Pliocene in age, are often stacked, 
and range in thickness from less than 15 m to greater than 45 m (Evamy et al., 
1978). The thicker reservoirs probably represent composite bodies of stacked 
channels (Doust and Omatsola, 1990). Edwards and Santogrossi (1990) 
described the primary Niger delta reservoirs as Miocene paralic sandstones with 
40% porosity, and a thickness of 100 m. The lateral variation in reservoir 
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thickness is strongly controlled by growth faults. The reservoirs thicken 
towards the faults within the down-thrown blocks (Weber and Daukoru, 1975). 
In the outer portion of the delta complex, such as the study area, deep-sea 
channel sands, lowstand sand bodies, and proximal turbidites create potential 
reservoirs (Beka and Oti, 1995). Burke (1972) described three deep-water fans 




2.4.3 Traps and Seals 
 
     Most known traps in Niger delta fields are structural, although stratigraphic 
traps are not uncommon (Figure 2.15). The structural traps developed during 
synsedimentary deformation of the Agbada paralic sequence (Evamy et al., 
1978; Stacher, 1995). As discussed earlier in this chapter, structural complexity 
increases from the north (older depobelts) to the south (younger depobelts) in 
response to increasing instability of the under-compacted, over-pressured shale. 
Doust and Omatsola (1990) described a variety of structural trapping elements, 
including those associated with simple rollover structures, clay-filled channels, 
structures with multiple growth faults, structures with antithetic faults, and 
collapsed crest structures. 
     The primary seal rock in the Niger delta is the interbedded shale within the 
Agbada Formation. The shale provides three types of seal: clay smears along 
faults, interbedded sealing units against which reservoir sands are juxtaposed 
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Figure 2.14 – Physiographic sketch of the deep-marine sediments in the Gulf of Guinea  
                  off the Niger delta (Burke, 1972; Reijers et al., 1997; Tuttle et al., 1999).  




























Figure 2.15 – Examples of Niger delta oil field structures and associated trap types  
                   (Burke, 1972; Reijers et al., 1997; Tuttle et al., 1999).
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On the flanks of the delta, major erosional events of early to middle Miocene 
age formed canyons that are now clay-filled (Figure 2.8). These clays form top 
seals for some important offshore fields (Doust and Omatsola, 1990). 
 
 
2.4.4 Petroleum Maturation and Migration 
 
     Evamy et al. (1978) set the top of the present-day oil window in the Niger 
delta at the 2400F (1150C) isotherm. In the northwestern portion of the delta, the 
oil window (active source-rock interval) lies in the upper Akata Formation and 
the lower Agbada Formation as shown in Figure 2.16. To the southeast, the top 
of the oil window is stratigraphically lower (Evamy et al., 1978).  
     Migration from the lower Agbada Formation into the reservoir rocks is 
through conduits of deep-seated regional and counter-regional extensional 
faults. However, migration from mature, overpressured shales is similar to that 
described from overpressured shales in the Gulf of Mexico. Hunt (1990) related 
episodic expulsion of petroleum from abnormally pressured, mature source 
rocks to fracturing and resealing of the top seal of the overpressured interval. 
This type of cyclic expulsion is plausible for the Niger delta basin where the 


































Figure 2.16 – Subsurface depth map of the Niger delta basin to the top of oil kitchen, showing  
                    where only the Akata Formation is in the oil window and where a portion of the  
                    lower Agbada Formation is in the oil window. Contours are in feet (Evamy et al.,  




SEISMIC DATA ANALYSIS 
 
This chapter presents various methodologies employed in the interpretation of 
the seismic data, the results obtained from the seismic interpretations, and the 
geologic interpretations. 
 
3.1   Methods 
 
This research work was undertaken using the following workflow: 
• Interpret key continuous horizons and faults on 3D seismic data to 
subdivide the section of interest into packages made up of sequences or 
parasequences (Figure 3.1). The interpreted horizons are the non-
downlapping or onlapping drapes or condensed sections that could be 
correlated throughout the study area. 
• Generate time-structure maps to study the basin geometry and 
topographic relief at different levels. 
• Generate isochron maps between interpreted horizons to study growth 
pattern and depositional changes through time. 
• Generate proportional slices every 15-20 ms using the interpreted 
horizons and isochron maps. Although these proportional horizons do 
not necessarily follow seismic reflections, they mimic structural 
geometry between the parent horizons (Figure 3.2). These were used to 




























Figure 3.1 – An arbitrary line through the study area showing continuous horizons 











































Figure 3.2 – An arbitrary line through the study area showing proportional horizons (in red color),  
                    generated at 15-20 ms intervals to fill the vertical space between the interpreted (parent)       
                    horizons (Figure 19). Vertical scale is two-way travel time in ms. 
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• Determine seismic facies and stratigraphic evolution from seismic 
character, including reflection configuration, termination pattern, 
reflection strength and continuity. 
• Use an EDGETM (Enhanced Detection of Geologic Events) volume to 
study channel pattern evolution and structural geometry (Figures 3.3 and 
3.4). 
• Study variation in channel morphology in terms of sinuosity, width, 
depth, and amplitude through time from EDGE volume and interpolated 
seismic amplitude. 
• Relate channel morphology and evolution to depositional processes and 
eventual distribution of depositional elements and facies. 
• Analyze seismic event terminations to study growth strata and to 
evaluate timing of structural movements. 
• Use flattened seismic horizons to study the structural and stratigraphic 
evolution of the area. 
• Use root mean square seismic amplitude extraction to study the 
evolution, distribution and architecture of reservoir facies. 
• Integrate all interpretations to evaluate the effects of growing structures 


































Figure 3.3 – Horizon slice 40 ms above datum 1 (Figure 19) using EDGE volume  
                   shows distinctive channel and fault pattern, and mud volcano. 
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Figure 3.4 – Horizon slice 70 ms below datum 5 (Figure 19) on EDGE volume shows  
                    a meandering channel.
N
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This section presents the results obtained from analysis of the seismic data used 
for this study. It shows the detail results from seismic data interpretation, 
seismic facies and stratigraphic analysis, as well as the evolution of channel 
systems and distribution of associated depositional elements 
 
 
3.2.1 Seismic Data Interpretation 
 
Seismic data interpretation involved horizon and fault interpretation, generation 
of time-structure maps, isochron maps, proportional slices and amplitude 
extractions, and horizon flattening. Each of these is presented below.  
 
 
Horizon and Fault Interpretation 
 
     Key continuous horizons and faults have been interpreted on 3D seismic 
data every 10 lines in both inline (Line) and crossline (Trace) directions. Figure 
3.5 shows the base map of the study area with some lines and traces picked for 
display (Figures 3.6 through 3.17) to show the variation in structural geometry 
and topographic relief through time. The horizons subdivide the section of 
interest into packages made up of sequences or parasequences (Figure 3.1). The 





























Figure 3.5 – Top structure map of the seafloor (Figure 19) used as base map for the study area  
                  showing selected interpreted inlines (Lines) and crosslines (Traces).  



















































Figure 3.6 – Seismic section A-A’ showing interpreted horizons in the study area. See  
                   Figure 23 for the location of this line. Vertical scale is two-way travel  
                   time in ms. 
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Figure 3.7 – Seismic section B-B’ showing interpreted horizons and faults in the study area.  











































Figure 3.8 – Seismic section C-C’ showing interpreted horizons and faults in the study area. Note top  
                   of shale/mud diapir. See Figure 23 for the location of this line. Vertical scale is two-way 
                   travel time in ms. 
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Figure 3.9 –Seismic section D-D’ showing interpreted horizons and faults in the 
                   study area. Note intensive faulting and shale diapirism. See Figure 23 
                   for the location of this line. Vertical scale is two-way travel time in ms. 
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Figure 3.10 – Seismic section E-E’ showing interpreted horizons in the study area. See  
                   Figure 23 for the location of this line. Vertical scale is two-way travel time in ms. 
E E’ 
EW 






































Figure 3.11 – Seismic section F-F’ showing interpreted horizons and faults in the study area. See  
                   Figure 23 for the location of this line. Vertical scale is two-way travel time in ms. 
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Figure 3.12 – Seismic section G-G’ showing interpreted horizons in the study area. Note the  
                   influence of shale diapir on the topographic relief of the area. See Figure 23 for  









































Figure 3.13 – Seismic section H-H’ showing interpreted horizons and extensional growth  
                   faults in the study area. See Figure 23 for the location of this line. Vertical  











































Figure 3.14 – Seismic section I-I’ showing interpreted horizons and growth faults in the study area.    












































Figure 3.15 – Seismic section J-J’ showing interpreted horizons and faults in the study area. Note  
                   inversion tectonics on the faults due to mud diapir intrusion from beneath. See Figure  









































Figure 3.16 – Seismic section K-K’ showing interpreted horizons and faults in the study area.  










































Figure 3.17 – Seismic section L-L’ showing interpreted horizons and faults in the study area. See  
















throughout the study area. The horizons are downlap or onlap surfaces, but they 
do not downlap or onlap onto an older surface. Instead, they drape over it.  
It was more difficult to interpret the deeper horizons compared to the shallower 
horizons for two reasons: (1) seismic reflections at shallower levels are of better 
quality and more continuous than at depth, and (2) the effects and area coverage 
of mud diapirs and shale ridges, which cause a deterioration of seismic data 
quality, are higher and more widespread at depth than the first 500 ms, where 
the effect is negligible. However, this difficulty was mitigated by the ability to 
tie the loop of interpreted horizons around the mud diapirs instead of across 
them. Also, because of the lack of biostratigraphic data, the geologic age of the 
interpreted horizons, as well as the hierarchy of the stratigraphic sequences 
between interpreted horizons, could not be ascertained. There was insufficient 
evidence to ascertain the geologic ages of sequence boundaries and positions of 
surfaces of maximum flooding within the interpreted section. 
     Most of the interpreted faults are normal gravity sliding extensional growth 
faults, although there are a few transform faults in the south and west regions of 
the study area. Some of the extensional growth faults have undergone inversion 
tectonics due to movements on the mud diapirs. Tectonic inversion resulted in 
reversal of throw (for example, see Figure 2.12). 
 
 
Time Structure Maps 
     Interpreted horizons have been interpolated using two methods: (1) linear 
interpolation in both inline and crossline directions using default Seisworks 
parameters, and (2) spatial interpolation, which is a more sophisticated 
approach because it allows for more options of interpolation directions other 
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than inline and crossline. Spatial interpolation also allows post-interpolation 
smoothing filtering and the filter size can be set.  Other parameters that could 
be set to optimize interpolation include gradient type (best linear or best 
constant), and scan type which could be ‘quadrants’ (scans in four directions, 
mainly lines and traces) or ‘octants’ (scans in eight directions). Nine structure 
maps were generated from the interpolated horizons, including six time-
structure maps of condensed sections or drapes, top and base maps of the mass 
transport complex (MTC) and the top of mud/shale diapirs (Figures 3.18 
through 3.26). The time-structure maps show the geometry of the basin and 
changes in topographic relief through time. The maps of the thick MTC show 





    Interval-isochron maps have been generated between the mapped horizons. 
Isochron maps were used to interpret changes in depositional activity through 
time, stratigraphic evolution, and structural growth history through time and 
space. Seisworks horizon computations generated interval-isochron maps 
between interpolated horizons by subtracting the shallower horizon from the 

































Figure 3.18 – Time-structure map of datum-5 horizon (Figure 19). Contour interval is 25 msec TWT. 
                    Labeling interval is 50 msec. Scale bar is TWT in msec. Dark lines are interpreted faults. 































Figure 3.19 – Time-structure map of datum-4 horizon (Figure 19). Contour interval is 25 msec TWT.  
































Figure 3.20 – Time-structure map of datum-3 horizon (Figure 19). Contour interval is 25 msec TWT.  
                    Labelling interval is 50 msec. Scale bar is TWT in msec. Dark lines are interpreted faults. 































Figure 3.21 – Time-structure map of datum-2 horizon (Figure 19). Contour interval is 25 msec TWT. 
































Figure 3.22 – Time-structure map of datum-1 horizon (Figure 19). Contour interval is 25 msec TWT.  
                   Labelling interval is 50 msec. Scale bar is TWT in msec. Dark lines are interpreted faults. 































Figure 3.23 – Time-structure map of the seafloor horizon. Contour interval is 25 msec TWT.  



































Figure 3.24 – Time-structure map of the top debris flow (MTC). Contour interval is 25 ms TWT. Scale 
































Figure 3.25 – Time-structure map of the base debris flow (MTC). Contour interval is 25 ms TWT.  




























Figure 3.26 – Time-structure map of the top shale. Contour interval is 100 msec.  
                   Labelling interval is 200 msec. Scale bar is TWT in msec. 































Figure 3.27 – Interval isochron map in TWT  between datums 5 and 4 showing onlap onto topographic  
                    relief (yellow arrows), mud diapir and the sub-basins. Contour interval is 50 ms.  
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Figure 3.28 – Interval isochron map in TWT between datums 4 and 3 showing main depositional  









































Figure 3.29 – Interval isochron map in TWT between datums 3 and 2 showing onlap (yellow arrows)  
                    onto topographic relief, main depositional axes, and the sub-basins. Contour  
interval is 10 ms.
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Figure 3.30 – Interval isochron map in TWT between datums 2 and 1 showing main depositional axis,  
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Figure 3.31 – Interval isochron map in TWT between datums 1 and seafloor showing main depositional 
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Figure 3.32 – Interval isochron map in TWT of mass transport complex (MTC) between  
                    datums 4a and datum 3 showing main depositional axis, extent and  
                    breaching of mud diapirs, and the sub-basins. Contour interval is 20 ms. 
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Proportional Slices and Amplitude Extraction 
 
      Proportional slices are horizons that result from proportionally subdividing 
the isochron maps between two mapped (parent) horizons into 15 to 20 ms 
components (Figure 3.2). Addition of one isochron subdivision to the top 
horizon gives rise to the underlying horizon. Addition of two isochron 
subdivisions to the top horizon gives rise to the second underlying horizon, and 
so on. This could also be achieved by subtracting one isochron subdivision 
from the base horizon to give rise to the next overlying horizon. Therefore, each 
proportional slice is about 15-20 ms away from the next. This is a very useful 
way to fill the uninterpreted section of the seismic data with horizons. It is 
noteworthy that the proportional horizons do not necessarily follow seismic 
reflections. Instead, they follow structural geometry between the two horizons 
used to generate them. The root mean square and interpolated amplitude 
extractions from the parent horizons and proportional horizons using various 
extraction intervals such as 20 ms (10 ms above the horizon, and 10 ms below 
the horizon) are very useful to study the geologic features that exist between the 
mapped continuous horizons. Channel morphology, as well as the shape and 
distribution of submarine fans, are revealed by the amplitude maps (Figures 





     The six mapped continuous horizons were flattened on both seismic 








































Figure 3.33 – RMS amplitude map 25 to 50 ms below datum 4a showing the sub-basins and onlap  
                   (yellow arrows) onto the mud diapirs in Basin II. Scale bar is amplitude values. Red is  
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Figure 3.34 – RMS amplitude map 0-25 ms above datum 4a showing the sub-basins, mud  
                   diapirs, and channel activity in Basin II. Scale bar is amplitude values. Red is high  







































Figure 3.35 – RMS amplitude map 0-25 ms below datum 3 showing the sub-basins, mud diapirs,  
                    channel activity in Basin I and ponding in Basin III. Scale bar is amplitude values.  
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Figure 3.36 – RMS amplitude map 0-25 ms below datum 1 showing the sub-basins, mud diapirs,  
                    turbidite channel fan in Basin I, ponding in Basin II, and sediment starvation in  






































Figure 3.37 – RMS amplitude map 0-25 ms above datum 1 showing the sub-basins, mud diapirs, turbidite 
                   channel fan in Basin I, and initiation of channel incision into fan captured in Basin II. Scale  








































Figure 3.38 – RMS amplitude map 25-50 ms above datum 1 showing the sub-basins, mud 
diapirs,  
                    channel incision in Basin II, and ponding in Basin IV. Scale bar is amplitude values. 
R d i hi h lit d bl i l lit d
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interval of 1000 ms. The post-stack PAL function in Seisworks was used to 
carry out the flattening, generating brick files that have both vertical and 
horizontal components. The flattened volume is used to pan through the 
sections above and below the datum horizon at every 4 ms. Because the 
proportional horizons are about 20 ms away from each other, flattened horizons 
are used to study the geologic features that exist between the proportional 
horizons. EDGETM slices reveal channel and fault patterns (Figure 3.3), seismic 
amplitude slices reveal submarine fan distribution and geometry (Figures 3.33 
through 3.38). However, the geologic features became less diagnostic and less 
meaningful farther away from the datum. 
 
 
3.2.2 Seismic Facies and Stratigraphic Analysis 
 
     Seismic facies analysis carried out in this study corroborates earlier work 
done in the study area (Adeogba et al., 2005) and the facies succession agrees 
with that identified by earlier workers in other deep-water basins, for example, 
Beaubouef and Friedman (2000), Prather et al. (1998), Badalini et al. (2000), 
Pirmez et al. (2000), and Posamentier and Kolla (2003). Distinguishing 
parameters for seismic facies identification are similar to other descriptive 
schemes (e.g., Sangree et al., 1978; Feeley et al., 1985; Mitchum et al., 1991; 
Vail and Wordnart, 1991;Wagner et al., 1992), and are based on the following: 
- Strata terminations 
- Event external geometry 
- Bounding surface type 
- Event geometry internal to bounding surfaces 
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- Internal reflection configuration 
- Strength of seismic reflectivity  
- Event continuity 
Lithology was inferred from seismic character and by analogy with 
interpretations from other areas with well data. 
      Based on the above parameters, two categories of seismic facies occur in 
the study area; (1) layered complexes, and (2) chaotic complexes.  These two 
categories can be further subdivided into four distinct seismic facies: (1) mass 
transport complexes (MTC), (2) distributary channel and lobe complexes 
(DLC), (3) amalgamated or accretionary channel complexes (ACCs), and (4) 
drape complexes (DCs) (Figure 3.39). 
 
 
Mass Transport Complexes (MTCs) 
 
     The mass transport complexes in the study area are mostly reflection-free 
and consist of chaotic and transparent, low-amplitude, poor continuity seismic 
reflections. They correspond to the ‘Bl’ facies of Prather et al. (1998) and 
consist of a variable lithology of mud-rich complexes of slumps, slides and 
debris-flow deposits. At depth, the MTCs represent the highest volume of 
sediment, but their thickness is reduced drastically up section. The MTCs are 
very erosive. They eroded part or all of the underlying drapes, part of the 
underlying distributary lobe and channel complexes, and part of the 
amalgamated channel complexes (Figures 3.39 and 3.40). As a result, the lower 
boundaries of MTCs in this area are truncation surfaces. They form the base of 




























Figure 3.39 - (A) Map of study area showing the location of the line of section (B) Seismic cross section  
                   showing seismic facies recognized in the study area. Horizontal scale is shown. Vertical  
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Figure 3.40 – NE-SW seismic cross section across the study area showing mass  
                    transport complexes (MTC). Black color is peak, red color is trough. 
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Distributary Channel and Lobe Complexes (DLCs) 
 
     DLCs are made up of layered, continuous, high-impedance seismic 
reflections. DLCs have proved to be the most sand-prone facies in other basins 
with logs and core data (Prather et al., 1998). This conclusion is also plausible 
for the study area, due to the high-impedance, layered nature and continuity of 
seismic reflections associated with this facies. DLCs correspond to the ‘Cbh’ 
facies of Prather al. (1998), and are mostly restricted to topographic depressions 
in the study area (Figures 3.39 and 3.41). 
 
 
Amalgamated or Accretionary Channel Complexes (ACCs) 
 
     Amalgamated or accretionary channel deposits are a seismic facies 
recognized in the study area, and this facies was not previously identified. 
Amalgamated channel or accretionary channel complexes are distinguished 
based on characteristic chaotic, discontinuous, high-impedance seismic 
reflections. Although MTCs also have chaotic, discontinous seismic reflections, 
the high impedance reflectors are absent within MTCs. The ACCs occur in two 
forms in the study area: (1) lateral accretionary channel complexes developed 
as a result of channels constantly shifting positions, and (2) vertically stacked 
channel deposits formed due to stacking of rejuvenated channels over older 
channel deposits. ACC fills are often mounded in external geometry (Figures 






























Figure 3.41 – NE-SW seismic cross section across the study area showing distributary  
                    channel complexes (DLC). Black color is peak, red color is trough. 
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Figure 3.42 – NE-SW seismic cross section across the study area showing amalgamated or  
                    accretionary channel complexes (ACC). Black color is peak, red color is trough. 
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Due to the associated seismic character, it could be suggested that ACCs consist 




Drape Complexes (DCs) 
 
     Drape complexes are characterized by high or low impedance, laterally 
continuous seismic reflections that can be traced for a long distance. DCs 
mostly consist of clay-rich shales or marl (foraminifera-rich calcareous clay). 
DCs are very mappable seismic reflections, some of which are interpreted as 
horizons due to their lateral continuity (Figures 3.39 and 3.43). DC is the 
equivalent of the D/E facies of Prather et al. (1998). 
 
 
3.2.3 Channel System Evolution and Depositional Elements Distribution 
 
     Using interpolated amplitude and EDGETM extractions, five channels are 
easily distinguishable within the study section. The names of the channels 
correspond to the relative time of occurrence from oldest to youngest. They are 
Time-1 channel, Time-2 channel, Time-3 channel, Time-4 channel, and Time-5 
channel (Figure 3.44). From the interpretation of the amplitude maps, it was 






























Figure 3.43 – NE-SW seismic cross section across the study area showing  


































Figure 3.44 – NW-SE seismic cross section showing relative vertical positions of the five  
                   channels under study. Vertical scale is two way travel time (TWT) in msecs.  
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The morphology of the channels varies, and so do the architectural elements 
associated with the channels. Time-1 through Time-3 channels were actively 
filled (i.e., channels were filled with sediments and abandoned as a result of the 
filling), whereas time-4 and time-5 channels were passively filled (meaning 
sediments gradually filled the channel while fluid still flowed in it). This 





      Time-1 channel is the oldest in the studied section, and exhibits active 
channel filling (Figures 3.44 and 3.45) in the proximal portion, and a 
combination of passive and active filling in the downdip portion of the channel 
(Figure 3.46). Based on seismic character, the channel deposits are interpreted 
as mostly coarse-grained sand. We used both interpolated amplitude (Figure 
3.45) and EDGETM extraction (Figure 3.46) to study the Time-1 channel. The 
channel image on both amplitude and EDGETM was captured at 100 ms below 
the flattened datum 5 horizon. EDGETM extraction reveals the morphology of 
this channel, whereas amplitude extraction on the spatially interpolated 
horizons shows other features like channel axis, meander belt, and channel 
overbank, in addition to distinctively showing channel morphology. Along its 
length, Time-1 channel is similar to the mixed (erosional/depositional) channel 
type of Clark and Pickering (1996). Time-1 channel changed from a weakly 
confined channel system (about 500 m wide) upstream to a weakly confined 





























Figure 3.45 - Spatially interpolated amplitude map of Time-1 channel. Note channel morphology.  
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Figure 3.46 - EDGETM map of Time-1 channel showing channel morphology and the location 
                   of the Y-Y’ line of section (Figure 65) through a sediment-filled meander loop,  
                   overbank, and channel axis. This horizon slice is 100 ms below flattened datum-5  
                   horizon (see Figure 62). 
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 Channel sinuosity (ratio of channel length to distance) is about 1.7, using an 
average wave velocity of 1550 m/s previously used for study in this area (e.g., 
Adeogba et al., 2005), average depth of Time-1 channel is about 20 m, 
amplitude is about 1600 m, and wavelength is as high as 2470 m. Time-1 
channel runs from the NE beyond the study area to the SW. Seismic character 






      Time-2 channel could not be seen on interpolated amplitude, therefore, only 
the image from EDGE extraction was used to study the channel (Figure 3.48). 
The Time-2 channel flowed across the top of the mid-eastern diapir to the SW.  
The channel has a sinuosity of 1.5, amplitude of about 840 m, average width of 
400 m, wavelength as high as 1250 m, and channel depth of about 20 m. There 
is a sudden change from a confined to an unconfined channel system at point Y 
(Figure 3.48). Point Y corresponds to a point of sudden reduction in slope 
gradient or a reversal of slope caused by several normal extensional growth 
faults at or close to that point. A line of section across the channel reveals 
lateral accretion of a channel that constantly changed its position. This behavior 
of the channel resulted in what may be described as a lateral accretionary or 
amalgamated channel complex. The deposits of this channel are mounded in 
external geometry, indicating a channel filled with sand or coarser-grained 
materials that caused differential compaction between the channel and the 




























Figure 3.47 – (A) Seismic cross section of line Y-Y’ through a sediment-filled meander loop, 
                   overbank, and channel axis. See Figure 64 for the location of this line; (B) cartoon of 
                   channel axis, meander loop fill  and overbank deposit. Channel parameters are also shown. 
Length: 12,900m             Distance: 7525 m 
Width:  570-1,200m         Depth:  132m 
Amplitude: 1610m           Wavelength: 2470m 
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Figure 3.48 - EDGETM map of Time-2 channel showing channel morphology and the location  
                   of X-X’ line of section (Figure 67) across the channel. This horizon slice is 100  





































Figure 3.49 – (A) Seismic cross section of line X-X’ across Time-2 channel. See Figure 66 for the location 
                    of this line; (B) Cartoon of lateral accretionary channel deposits associated with Time-2 channel. 
                    Channel parameters are shown. 
Length: 4770m  Distance: 3120m 
Width:  450m     Depth:  209m 

















Time-2 channel is similar to the depositional channel type of Clark and 
Pickering (1996). The seismic character with high impedance and relative good 
continuity of the seismic reflections within the channel, and the mounded 





      Interpolated amplitude slices did not give a clear image of Time-3 channel, 
so the horizon slice on the flattened EDGETM volume and seismic section were 
used to study this channel (Figures 3.50A and 3.50B). Although there is 
considerable overlap in time between Time-2 channel and Time-3 channel, 
overall, the latter is younger. The Time-3 channel is less sinuous, with a 
sinuosity of 1.2, maximum depth of 35 m, amplitude of 1200 m, and 
wavelength of 1900 m. However, the Time-3 channel is a lot wider, and 
possibly had higher sediment volume than the two preceding channels. Channel 
width is about 600 m in the updip portion, where the channel was mostly 
confined, to over 2,000 m in the downdip portion, where the channel became 
relatively unconfined and avulsed to distributaries. In Figure 3.50A, the point of 
avulsion is labeled ‘Z’, and it also represents a point of break in slope gradient. 
However, unlike the Time-2 channel, the break in slope gradient for the Time-3 
channel is not caused by the presence of an extensional normal growth fault, but 
rather by the presence of mud diapirs downdip of the channel. Two seismic 
lines of section taken across the Time-3 channel show changes in the channel 
architecture. A line of section at the updip portion of the channel (Figure 3.50B) 




























Figure 3.50 – (A) EDGETM map of Time-3 channel showing channel morphology.  
                    This horizon slice is 50 ms above flattened datum-4a horizon (see  
                    Figure 62); (B) Seismic cross section of line X-X’ across Time-3  

























that flowed directly over older channels. In the proximal part, Time-3 channel is 
similar to the depositional channel type of Clark and Pickering (1996), but 
changes to the mixed (erosional/depositional) channel type at the distal end. 
The deposits associated with this channel also exhibit mounded external 
geometry, which resulted from differential compaction between channel fills 
and deposits outside of the channel. However, another line of section at the 
downdip portion of the channel indicates that the channel avulsed to 
distributaries (Figures 3.51A and 3.51B). A considerable part of the Time-3 
channel has been eroded by the overlying MTC. 
 
 
Time-4 & Time-5 Channels 
 
     Time-4 and Time-5 channels are discussed together because of their 
architectural similarity (Figure 3.52). Time-4 and 5 channels are the youngest 
within the studied section, and they reveal a dramatic change in channel 
architecture compared to the older channels. Vertically, Time-1 to Time-3 
channels are below the thick MTC, whereas Time-4 and Time-5 channels are 
above the MTC. These younger channels are only passively filled with finer-
grained sediments (Figure 3.53).  Time-4 and 5 channels are narrower, with 
width only between 100-400 m, and shallower, with depth between 15-25 m, 
and less sinuous. Time-4 and 5 channels lack deposits with characteristic high-
impedance reflectors and mounded external geometry described for the older 
channels. The aforementioned features make these younger channels similar to 





























Figure 3.51 – (A) Seismic cross section of line Y-Y’ across Time-3 channel. See Figure 68A for the 
                    location of this line; (B) Cartoon of (i) vertically stacked channel deposits, and 
                    (ii) distributaries associated with  Time-channel. Channel parameters are also shown. 
Length: 7400m       Distance: 6880m 
Width:  640-3750m Depth:  77-138m 














































Figure 3.52 - EDGETM map of Time-4 and 5 channels showing channel morphology and the  
                  location of X-X’ line of section across the channels. This horizon slice is 40  
                  ms above flattened datum-1 horizon (see Figure 62). 
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Figure 3.53 – (A) Seismic cross section of line X-X’ across Time-4 and 5 channels. 
                    See Figure 70 for the location of this line. Channel  parameters are also shown. 
Time 5 channel: 
Width:  100-300 m 
 
Depth:  15-20 m Width:  100-400 m 
 
Depth:  15-25 m 

















However, like the older channels, Time-4 and 5 channels delivered a lot of sand 
when they encountered a reduction in slope gradient or a reversal of slope, such 
as at points X1 and X2 in Figures 3.52 and 3.54. The slope-gradient reduction at 
point X1 is due to the presence of a mud diapir, whereas at point X2, there was a 

















































Figure 3.54 -  Horizon slice on interpolated amplitude displayed in maroon- 
                    red color showing Time-4 and 5 channels and associated  










This section shows the deductions or interpretations made from the data 
analyzed. It discusses the evolution of the basin stratigraphy, the relationship 
between channel morphology as it relates to slope gradient, the history of basin 
fill or growth analysis, the slope profile analysis and depositional model 
generated, and the significance of this study as it relates to hydrocarbon 
exploration and production. 
 
 
3.3.1 Stratigraphic and Seismic Facies Evolution 
 
     Deposition in this slope basin occurred in a cyclic manner, as documented 
by a repetitive stacking pattern (repeated occurrence of seismic facies). There is 
a combination of autocyclic and allocyclic controls on deposition within the 
basin. Autocyclic controls involve slope-gradient change due to movement on 
mud diapirs and extensional growth faults, whereas allocyclic controls involve 
sediment supply and relative sea level change. Three major depositional cycles 
were interpreted on the representative section (Figure 3.55). The seismic facies 
succession interpreted for the study area in the intra-slope basin follows an 
identified order similar to other basins (e.g., Beaubouef and Friedman, 2000; 
Booth et al., 2000). At the base of each depositional cycle is a MTC, which has 
thickness that depends on the volume of MTC material from the staging area, 
the distance traveled before getting into the basin, and the basin-floor 



























 Figure  3.55 - (A) Representative NE-SW seismic cross section across the study area.  
                   (B) Interpretation of (A) showing facies associations and stacking  




















Major depositional cycle 
Erosional Truncation 
ACCs 
Mega depositional cycle 
 112
mass transport deposits in other well-known submarine fan systems (e.g., 
Manley and Flood, 1988; Weimer, 1990). These units are characterized by 
irregular tops and highly erosional bases, and correspond to the Bl facies of 
Prather et al. (1998). The chaotic, transparent and wavy nature of MTCs 
suggests deposition by cohesive and plastic mass-flow processes, unlike the 
channelized deposition associated with amalgamated channel complexes. The 
low-amplitude, incoherent character of these units indicates a poorly organized 
impedance structure with little or no impedance contrasts. MTCs in this basin 
were interpreted as having two distinct origins, allochthonous and 
autochthonous. The thickness of MTCs associated with depositional cycles I 
and II (Figure 3.55B) suggests allochthonous origin from mass wasting on an 
unstable shelf edge. This probably occurred during a relative fall in sea level 
when the shelf edge became well exposed, resulting in a supply of a high 
volume of debris-flow, slide and slump deposits into the deepwater 
environment. The thinner MTCs up-section, e.g., the MTC associated with 
depositional cycle III (Figure 3.55B), are interpreted as autochthonous. These 
resulted from mass wasting along over-steepened shale diapirs or basin flanks 
within the inter-basinal slope regions. The thick (>200 ms TWT) MTC of cycle 
II (Figure 3.55B) in the study area is mainly confined to Basins II and III, with 
a minor volume (about 40 ms TWT thick) deposited in Basin IV. The fact that 
this particular MTC could not be mapped in Basin IV is attributed to the 
extremely high channel activity by the E-W flowing channel in this basin.  
      Distributary channel and lobe complexes (DLCs) directly overlie MTCs. 
DLCs are made up of relatively continuous, high-impedance seismic reflections 
with compensatory internal reflections that onlap onto the basin edges (Figure 
3.55). DLCs correspond to the convergent baselapping facies of Prather et al. 
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(1998). These result from high-density turbidite deposition of winnowed 
materials after they encountered a reversal of slope or a reduction in slope 
gradient. This created conditions conducive for formation of hydraulic jumps 
(Mutti and Ricci Lucchi, 1972). DLCs in the study area occur either as abrupt 
terminations, as in depositional cycle III, or as slope-mantling wedges, as in 
depositional cycle I (Figure 3.55). Amalgamated or accretionary channel 
complexes (ACCs) overlie DLCs. Amalgamated channel deposits consist of 
chaotic, but high-impedance reflectors. The discontinuity of the reflections is 
due to high channel activity (Beaubouef and Friedman, 2000). The channels are 
often filled with coarser sediments and mounded in external geometry. 
      Drape complexes (DCs) cap each depositional cycle. DCs have high- or 
low- impedance continuous seismic reflections made up of clay-rich shales or 
marls deposited during very low sediment influx. This is probably caused by 
abandonment, sediment starvation, reduction in slope accommodation space, or 
relative sea-level rise leading to coarser sediment being trapped on the shelf 
(Prather et al., 1998; Adeogba et al., 2005). The low impedance associated with 
drape complex facies results from abundant low-impedance claystone, 
foraminifera-rich claystone, and marl (Prather et al., 1998). 
      The representative section can be sub-divided into two types of facies 
assemblages, partially confined and bypassed (Figure 3.55). The resultant facies 
assemblage depends on the interplay between sediment influx, tectonic 
subsidence and uplift, and relative sea-level change. Each partially confined 
facies assemblage consists of an early MTC, onlapping submarine fans, 
amalgamated channel complexes, remnants of eroded DCs, and the basal part of 
the overlying MTC (Figure 3.55B). Partially confined facies assemblages 
resulted when the rate of accommodation space creation exceeded the rate of 
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subsidence. However, high volume of MTCs leveled the topography in a 
process referred to as the ‘healing phase’ by Prather et al. (1998).  This involves 
filling up the partial confinement to spill point and bypassing progressively to 
the outboard basin until MTC material is exhausted. The upper part of the late 
MTC and the drape made up the bypass facies assemblage (Figure 3.55). 
However, during the relative rise in sea level and/or sediment starvation, the 
rate of uplift due to growth of the shale diapir was higher than the rate of 
sediment influx. Hence, the growth of the shale diapir became more 
pronounced, which led to a re-creation of partial confinement at the proximal 
end of the mud diapir. Generally, a change from ponded to bypass facies 
records loss of accommodation space and progradation over captured 
submarine fans after the basin has been filled to equilibrium profile (Prather et 
al., 1998). Hence, alternations of partially confined and bypass facies 
assemblages means basin filling due to sedimentation and re-creation of 
accommodation space by growing diapirs. The absence of highly continuous 
“gull-wing” cross sectional profiles, which correspond to leveed channel 
complexes (LCC), is due to the lack of enough fine-grained materials to build 
levees (Adeogba et al., 2005). 
 
 
3.3.2 Relationship between Channel Morphology and Slope Gradient 
 
      Posamentier and Kolla (2003) characterized a sandy system as meandering, 
actively filled, highly sinuous, relatively wide channels with frontal splays. All 
of these parameters were observed in Time-1, Time-2 and Time-3 channels. 
Due to topographic relief created by partial confinement within the intra-slope, 
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the channels became more meandering downslope, avulsed to distributaries and 
built fans that lapped out onto the topographic highs (Figure 3.55A). However, 
Time-4 and Time-5 channels are less sinuous, less meandering, narrower and 
less actively filled than the older channels. The behaviors of these younger 
channels in this part of the basin resemble that of a muddy system characterized 
by Posamentier and Kolla (2003). The development of substantial amounts of 
submarine fans associated with both channels at the sudden break in slope 
gradient across a mud diapir, as in basin IV and across an extensional growth 
fault as in basin I (Figures 3.52 and 3.54), suggests a very sandy system. The 
behaviors of the channels were interpreted as resulting from the nature of basin 
topography and the nature of the substrate during the active periods of the 
channels. It is also noteworthy that Time-1, Time-2 and Time-3 channels occur 
below the thick MTC of cycle II (Figure 3.55B), whereas Time-4 and Time-5 
channels occur above the MTC. Although the slope gradients within the 
individual basins reduced due to filling, the overall slope gradient increased as a 
result of slope-healing processes that led to the transition from partially 
confined accommodation to slope accommodation. This increase in slope 
gradient caused the younger channels to be straighter than the older channels. 
The younger channels experienced a sudden reduction in slope gradient at 







3.3.3 Filling History, Sediment Response and Timing of Structural 
Growth 
 
      Two basic facies assemblages have been interpretated in the study area: (1) 
partially confined facies assemblages, and (2) bypass facies assemblages 
(Figure 3.55B). The occurrence of either of the assemblages in the study area 
depends largely on structural movement rather than seismic facies association 
or sediment type. However, some seismic facies are more common in partially 
confined facies assemblages than in bypass facies assemblages, and vice versa.  
Partially confined facies assemblages in the study area consist largely of the 
lower mass transport deposits (MTC) that spilled into the basin after a more 
proximal basin was filled to spill point. The MTC, distributary channel and lobe 
complexes (DLC) formed from slope gradient reversal as turbidite channels 
offloaded the mostly sandy materials that were carried to this point. Other 
facies included in partially confined facies assemblages are amalgamated or 
accretionary channel complexes (ACC), remnants of eroded drape complexes 
(DC), and the lower part of the overlying MTCs. The bypass facies assemblage 
is comprised of the upper part of the upper, basin-leveling MTC, which formed 
the base of another cycle in an outboard basin. Generally, a change from 
partially confined to bypass facies recorded loss of accommodation space and 
progradation over captured submarine fans after the basin was filled to 
equilibrium profile. Hence, to have a partially confined facies assemblage 
above a bypass facies assemblage meant re-creation of accommodation space 
by growing diapirs. 
     Four methods were used to interpret the filling history, timing, and the 
sediment response to structural growth in the study area: (1) strata termination 
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patterns, (2) facies stacking patterns from seismic sections, (3) submarine fan 
distribution, and (4) isochron maps. Each method is discussed in more detail in 
the following sections. 
 
 
Strata Termination Patterns 
 
      Palinspastic reconstruction of paleobasin topography for this type of basin is 
impossible because of lack of benthic foraminifera data. Even in other basins 
where these data are available, the resolution is usually limited (Prather et al., 
1998). Strata termination patterns were interpreted to give an overall idea of the 
depositional mechanisms and sedimentation processes prevalent in time and 
space in the study area. Strata termination patterns observed in the study area 
are: (1) onlap, (2) downlap, (3) toplap, (4) erosional truncation, and (5) internal 
convergence (Figures 3.56 to 3.59). In this study, the term baselap was used for 
both onlap and downlap. This is to avoid the confusion of distinguishing 
between an original onlap that has become an apparent downlap due to 
inversion as a result of subsidence or an original downlap that has been rotated 
up to become an apparent onlap due to movement on the mud diapirs. It was 
observed that baselapping facies are mostly restricted to partially confined 
facies assemblages where the MTCs and turbidite fans onlapped onto the edges 
of the basin. Internal convergence is associated with both partially confined 
facies assemblages and bypass facies assemblages, whereas toplap is mainly 
associated with the transition between partially confined facies assemblages and 
bypass facies assemblages. Cyclicity of sedimentation was interpreted from 





























Figure 3.56 -  Time-structure map of the seafloor showing the locations of the representative  
                    lines of section used to show strata termination interpretations. Contour interval is 



































Figure 3.57 – Line of section, Tr 2400 showing strata termination pattern and facies  
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Figure 3.58 – Line of section, Ln3640 showing strata termination, fault pattern and  
         facies assemblage. Vertical scale is TWT in msec. 
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Figure 3.59 – Line of section, Ln3480 showing strata termination, fault pattern and  
         facies assemblage. Vertical scale is TWT in msec. 
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formed from higher sediment influx than the rate of structural growth on mud 
diapirs, and draping, internal convergent terminations that formed during 
reduced sediment influx.  
 
 
Facies Stacking Patterns from Seismic Sections 
 
      Facies succession was interpreted on various seismic cross sections across 
the area of study (see Figures 3.60 and 3.61 for representative uninterpreted and 
interpreted seismic sections). Cyclic sedimentation was established using this 
method. Three distinct seismic sequences were interpreted on this section. The 
sequences occurred in repeatable and predictable successions. Each of the three 
interpreted sequences has the same type of seismic facies associations in a 
similar stacking pattern. MTCs occur at the base of each seismic sequence. The 
MTCs at the base of each sequence were found to be very erosive, and eroded a 
better part of the underlying sequence, especially the drapes and the 
amalgamated channel complexes. Therefore, at the base of each MTC is an 
unconformity surface or a sequence boundary (SB) denoted by a solid red line. 
The order and absolute ages of the sequence boundaries could not be 
determined because of lack of biostratigraphic data. However, the fourth MTC 
above the third sequence only has an erosional base in part of the study area, 
which changes to a paraconformity or a correlative conformity downdip (Figure 






























 Figure 3.60 (A) RMS amplitude map showing the intra-slope sub-basins and line of section 
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Figure 3.61 - Interpreted line of section X-Y showing facies stacking pattern within the intra-slope  
                   sub-basins. Note the partial confinement and filling of Basin II, and subsequent bypass  
                   to Basin III. MTC is mass transport deposits, ACC is accretionary channel deposits,  
                   DLC is distributary lobe and channel complex, and DC is drape complex. Thick,  
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The mega-cycle in Figure 3.55 consists of at least two depositional cycles, 
whereas the mega-cycle in Figure 3.61 is made up of at least three depositional 
cycles. DLCs directly overlie MTCs and occur further basinward than ACCs. 
DLCs are mostly chronostratigraphically older than ACCs. Each subsequent 
DLC in the study area is deposited further basinward than the one associated 
with the older sequence. This is believed to be the result of an overall reduction 
in partially confined accommodation space in the intra-slope sub-basins within 
the study area. Next in the stratigraphic succession are the ACCs, which can 
either conformably overlie DLCs (Figure 3.55) or unconformably directly 
overlie MTCs (Figure 3.61). Because of this vertical stacking pattern, ACCs are 
considered to be younger than DLCs in the study area. ACCs were deposited 
within the channel axis as a result of channel activity involving sediment-laden 
flow. The seismic character of ACCs suggests that they are coarser grained than 
associated DLCs. The top of an ACC is mostly a truncation surface as a result 
of erosion by the overlying MTC. Each sequence is capped by a DC, which can 
either be extensive and regional or localized depending on the duration of 
depositional quiescence and the supply of clay-sized materials. Most often, part 
of DCs are eroded by the overlying MTCs. 
 
 
Submarine Fan Distribution 
 
      The location, distribution and architecture of the submarine fans in the study 
area provide insight into the timing of movement of the mud diapirs, especially 
the western mud diapirs. Those had the most significant influence on deposition 
in the study area. Figures 3.33 to 3.38 show the locations and architecture of 
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turbidite fans to help establish the relationship between depositional processes 
and structural movement. Turbidite fans consistently shifted locations and also 
varied in internal architecture in the study area. From the bottom of the studied 
section, Figure 3.33 represents stage-1 of fan deposition, which is a period of 
accumulation of submarine fans onto the edges of Basin II. This represents a 
period when growth on the western mud diapirs was less than the rate of 
sediment supply. Most of the partially confined submarine fans were later 
eroded by subsequent channel activity. As a result of high sediment influx, 
Basin II subsequently became partially filled. This led to stage-2 of fan 
development in the area (Figure 3.34). At this stage, a sinuous bypass channel 
cut across the western mud diapirs and delivered sediments into an outboard 
basin, possibly beyond Basin III. Sandy facies during this period occurred as 
channel deposits in the form of meander loop cut-offs and overbank deposits. 
At the same time, there was high channel activity in Basin I by a southwest-
flowing sinuous channel. This was followed by stage-3 of fan development 
(Figure 3.35). During this period, there was deposition of a thick MTC (cycle II 
MTC on Figure 3.55, also note incoherent seismic reflections in Basin II on 
Figure 3.35). The MTC eventually filled the remaining accommodation space in 
Basin II, and bypassed into Basin III. The bypass caused fan development on 
top of the MTC in Basin III because of lack of any more partial confinement in 
Basin II. During the same period of time, there was continuous fan development 
in the southeast portion of the study area by the E-W flowing channel. There 
was no fan development in Basins II and IV during this period. During 
deposition of the drape facies (DC) that capped the sequence, there was 
considerable growth of the western mud diapirs. During this period, the rate of 
structural growth to the rate of sediment influx gradually increased until it 
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became substantially higher. This led to a re-creation of partially confined 
accommodation space at the proximal part of the structural high, which in turn 
led to stage-4 of fan development. During this stage, there was sufficient 
movement on the mud diapirs to create enough partial confinement at the 
proximal part of the mid-western mud diapirs. This caused a re-start of 
sediment accumulation in Basin II (Figure 3.36) and commencement of 
sediment starvation in Basin III. During the same period of time, there was 
maximum development of a fan in Basin I, which received sediments from both 
the E-W flowing channel and the channel that came from the top of the mid-
eastern mud diapir. This was followed by stage-5 of fan distribution (Figure 
3.37). During this period, there was an initiation of channel incision into the 
northern part of the fan deposited in Basin II and commencement of fan 
development in Basin IV. This was probably caused by filling of Basin II to an 
equilibrium profile and loss of partially confined accommodation space. 
However, the channel could not go towards Basin III because the mud diapir 
created higher topographic relief in the southern than the western part of Basin 
II in the study area. This was followed by the final stage-6 of fan development 
and distribution, whereby there was continuous incision into the northern part 
of the fan partially confined in Basin II, and bypass and sediment delivery into 
Basin IV. Partial confinement continued in Basin IV until it started spilling into 
Basin III where sufficient partially confined accommodation still existed. 
During the same period, there was a second channel from the northeast, which 
flowed southward across the series of extensional growth faults. This channel 
also built a fan across the extensional growth fault in the remaining partial 
confinement within Basin I.  
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Change in Depositional Axes from Isochron maps 
 
Interval isochron maps were used to interpret depositional processes and the 
changes in the main depositional axes through time and space. Figures 3.27 to 
3.32 show the interval isochron maps from oldest to youngest. Figure 3.27 
shows a period during which substantial deposition was mainly confined to 
Basin II by onlap onto the structural high created by the western mud diapirs, 
and to Basin I due to the activity of the E-W flowing channel. The yellow 
arrows in Figure 3.27 indicate sediment accummulation at the Basin II edge. 
There was relatively no depositional activity going on in both Basins III and IV 
during this period. Figure 3.27 shows the same stage in the stratigraphic 
evolution as Figure 3.33. The highest sediment thickness (>150 ms TWT) was 
mainly confined to Basin II, in the northern part of the study area. Figure 3.28 
shows a period when the main depositional axis was NE-SW. The flow 
breached the structural high created by the western mud diapirs and flowed into 
the outboard Basin III. This was the period explained earlier under stratigraphic 
evolution, filling history, and growth analysis when a thick extensive MTC 
flowed over the study area and re-adjusted the basin topographic relief. The 
thick sediment in Basin II (>350 ms TWT) is a result of the MTC filling the 
basin to spill point. The sediment thickness in Basin III (>300 ms TWT) is due 
to the thick MTC and overlying partially confined submarine fans. The 
sediment thickness in Basin I resulted from the presence of amalgamated 
channel deposits due to intense channel activity by the E-W flowing channel. A 
red arrow on Figure 3.28 indicates that there was some flow of MTC into Basin 
IV. However, the MTC could not be mapped in this part of the study area 
(Figure 3.33). This is probably because the MTCs that entered into Basin I were 
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constantly reworked and transported away by the very active E-W flowing 
channel. Figure 3.28 shows the same stage in the stratigraphic evolution as 
Figure 3.35. This was followed by a total change in the depositional axis from 
NE-SW to an E-W direction (Figure 3.29). This is a period when there was 
partial confinement in Basin II and subsequent incision and bypass into Basin 
IV. Figure 3.29 shows the same stage in the stratigraphic evolution as Figures 
3.36 and 3.37. This was followed by a period of continuous fan development in 
Basin IV and commencement of spilling into Basin III (Figure 3.30). Figure 
3.30 shows the same stage in the stratigraphic evolution as Figure 3.37. Last in 
the sequence is Figure 3.31, which is closest to the present day, and shows a 
further change in the main depositional axis from the dominant E-W to N-S 
with deposition in Basin I across the series of extensional growth faults. Figure 
3.31 shows the same stage in the stratigraphic evolution as Figure 3.38. 
 
 
3.3.4 Slope Profile Analysis and Depositional Model 
The analysis of the changes in slope profile through time and the depositional 
model generated are discussed below. 
 
 
Slope Profile Analysis 
 
I performed slope-profile analysis using a model similar to that of Prather et al. 
(1998) (Figure 3.62). Prather et al. (1998) recognized three types of 
accommodation space for Gulf of Mexico intra-slope basins. They are: (1) 




























Figure 3.62 - Profile across central Gulf of Mexico showing accommodation  
                   space for intra-slope basins ( Prather et al., 1998). 
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slope accommodation space. Ponded accommodation space is defined as the 
bowl-shaped hollow space that is available for sedimentation within the basin 
until the basin is filled to spill point. Ponded accommodation space changes to 
slope accommodation space when the latter is filled to spill point (Figure 3.61). 
Slope accommodation space exists between the spill point of the basin and the 
slope equilibrium profile. When slope accommodation space is filled to the 
equilibrium profile, it changes to healed slope accommodation space, which is a 
more regional accommodation space based on the entire slope area. A cross-
sectional profile in the dominant depositional axis (NE-SW), from a proximal 
basin through mud diapirs into an outboard basin, was used to further study the 
filling history and stratigraphic evolution of a mud-diapir controlled intra-slope 
basin. There are four main stages recognized in the filling of a depositional 
cycle in this basin. Stage I is referred to as the proximal partial confinement. 
This was a period of sediment accumulation mainly of the basal MTC, which 
spilled from a more proximal basin or the staging area into the proximal basin. 
This is overlain by the submarine fans that overlie the MTC and baselap onto 
the edges of the basin. The sequence is capped by an early drape facies (Figure 
3.63A). Stage II is called the filling, spilling, and bypass stage. This stage is 
characterized by the deposition of an upper MTC that filled up the partial 
confinement to spill point, with bypass into an outboard basin (Figure 3.63B). 
Stage III is referred to as the distal partial confinement, and is characterized by 
deposition or accummulation of fans within the outboard basin. During this 
period, all fan-sized sediments in the flow were carried to the outboard basin 
because of lack of confinement in the proximal basin (Figure 3.63C). Stage IV 
is referred to as the structural growth stage. It was a period of depositional 




























Figure 3.63 – Slope profile across the study area showing depositional and stratigraphic evolution,  





















































Figure 3.63 ctvd – Slope profile across the study area showing depositional and stratigraphic evolution, 
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period, depending on longevity, the extremely low rate of sediment influx 
allowed the rate of growth of the mud diapir to far exceed the rate of sediment 
supply. This led to a re-creation of partial confinement in the proximal basin 





      Strata termination patterns on seismic sections, reservoir facies distributions 
shown by amplitude maps, isochron maps and slope profile analysis provided 
information to construct a depositional and stratigraphic evolution model for 
mud-diapir controlled intra-slope basins, offshore Niger delta, Nigeria (Figures 
3.64-3.68). In this model, which differs from the fill and spill model developed 
for the intra-slope with salt tectonics, there are four stages involved to generate 
a complete genetically related stratigraphic unit. Figure 3.64 represents the 
‘partial confinement stage.’ This is a period when there was enough partial 
confinement in Basin I to allow for some sediment accummulation. Sediments 
trapped in this space consisted of a small volume of MTC from a more 
proximal basin, overlain by DLC in the distal portion and ACC in the more 
proximal end. There is also a variable amount of shale drape on top of the flow 
element, or what can be called a ‘depositional unit.’ The partial confinement 
stage is followed by a stage of spilling referred to as the ‘spill stage.’ During 
this stage, the remaining partially confined space was filled to spill point and 
bypassed to an outboard basin to start a new depositional unit. The implication 
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Figure 3.68 – Idealized diagram of Stage 5 of depositional model of the study area. 
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complexes (DCs), are not correlatable across many intra-slope basins because 
they are not continuous. 
      Lithologically, the partial confinement stage is entirely made up of mass 
transport deposits of variable lithology in the proximal basin and the partially 
confined facies of an outboard basin. The spill stage is directly followed by the 
‘growth stage.’ During this period, the rate of growth on the mud diapirs was 
far higher than sedimentation rate, which actually tends to zero. There are two 
possible reasons for the more obvious growth on the diapirs. First, it could be 
due to the mud diapirs growing at a faster rate than the preceding period of 
time, or it could be that the rate of growth of the diapirs was constant, whereas 
the rate of sediment influx was extremely low. This allowed the growth of the 
diapirs to be more fully expressed than earlier in the cycle. The latter scenario 
seems more likely, and this is interpreted as a period of depositional quiescence 
which could be due to a rise in relative sea level, channel avulsion in the upper 
part of the slope, or a drastic reduction in sediment influx. During this period, 
the amount and size of sediment getting into the basin was so small that the rate 
of growth on the diapirs was far higher than sedimentation rate. This re-created 
partial confinement in the proximal part of the structural high. The acronym 
‘growth stage’ does not imply that there is no growth on the mud diapirs during 
the earlier and later stages of deposition. During the growth stage, there is a 
continuous deposition of drape facies on earlier sediments. It only means that 
the rate of growth of mud diapirs far exceeded the rate of sedimentation. The 
lateral extent and thickness of the capping drape facies depended on the 
duration of sediment starvation and the amount of clay-sized materials brought 
into the basin. The last stage in the evolution is called the ‘deflect stage.’ This 
represented a stage when there was more or renewed partial confinement in the 
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proximal basin, followed by a filling to the spill point but at a different location 
than directly downslope across the mud diapir. At this point, the channel found 
a point of low resistance and deflected to go around the mud diapirs. This is a 




3.3.5 Hydrocarbon Exploration and Production Significance of Study 
 
The structural growth of mud diapirs and to a lesser extent on the extensional 
growth faults determined the distribution and architecture of reservoir facies in 
this intra-slope basin. There are three channel and three sheet reservoir elements 
identified in the study area (Figures 3.47, 3.49, 3.51, 3.69 and 3.70). 
 
Channel Elements 
The channel elements are: (1) meander loop cut-off and overbank deposits, (2) 
lateral accretionary channel deposits, and (3) vertical accretionary channel 
deposits. 
 
Meander loop cut-off and overbank deposits 
     Based on seismic character, these deposits are interpreted to consist of 
relatively coarser-grained sediments than the fans. These deposits are found 
within the meander loop cut-off that was eventually filled with sand-sized 
sediments, and the overbank of channels. These deposits can extend for up to 
1000 m laterally (Figure 3.69A). Using thickness and lateral extent, meander 




























Figure 3.69 – Channel reservoir elements (A) meander loop cut-off and overbank deposits, 
                    (B) Lateral accretion deposits, (C) Vertical accretion deposits. 
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Figure 3.70 – Idealized diagram of the study area showing different reservoir sheet elements. 
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In a sandy depositional environment such as the study area, this facies can form 
important reservoir targets. 
 
 
Lateral accretionary channel deposits 
     These deposits formed as a result of channels frequently changing their 
positions due to high sediment volume. These sediments were deposited within 
the channel axes before they were abandoned for areas of lower elevation. 
These channel deposits are laterally amalgamated (Figure 3.69B) and could 
form major reservoir targets in a sandy system such as the study area. Using 
both thickness and lateral extent, lateral accretion deposits are the second 
largest (volumetrically) of channel reservoir deposits. Also, if there is 
communication between the individual component channel deposits, relatively 
large reservoirs greater than 1000 m in areal extent can result. A single well 
with limited perforations can be used to produce such reservoirs. 
 
Vertical accretionary channel deposits 
     This is similar to lateral accretionary channel deposits in that it consists of 
amalgamated channel deposits. The difference, however, is that vertical 
accretionary channel deposits are made up of individual channels vertically 
stacked on top of each other (Figure 3.69C). Using thickness and lateral extent, 
the vertically stacked channel deposits are volumetrically the largest of all 
channel deposits. When formed in a very sandy system like the study area, such 
deposits can result in a major reservoir with lateral extent up to 1000 m and 





Sheet elements identified in the study area are: (1) incised sheets, (2) 
amalgamated sheets, and (3) superposed sheets (Figure 3.70). Each of these is 
described in more detail below. 
 
Incised sheets 
     These are sheets elements that have been incised by younger channels such 
as the partially confined fan in Basin II of the study area. This has production 
significance because if the younger channel is ultimately filled with shale, it 
creates baffles between the two sides of the fan and thus prevents 
communication between either side of the fan. As a result, a different 




     These are sheet elements that formed from different channels such as in 
Basin I in the study area. The fan in the southeast portion is derived from the E-
W flowing channel, the channel flowing from the top of the eastern diapir, as 
well as from the youngest N-S channel. These channels all deposited fans in 
Basin I. If the fans are not separated by baffles, this could result in a major 
reservoir with great lateral and vertical extent. 
 
Superposed sheets 
     Superposed sheets resulted from continuous deposition of younger fans on 
top of old ones by channels after the flow encountered a reduction in slope 
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gradient, such as in Basins III and IV in the study area. Superposed sheets could 
be very good reservoir targets because they are made up of vertically stacked 
fans that can be accessed by a single vertical well. Even if there are baffles 
between the individual fans, several perforations from a single well will solve 

























CONCLUSIONS AND RECOMMENDATIONS 
 
4.1 CONCLUSIONS 
This study reached the following conclusions: 
 
 Structural growth as a result of movement of mud diapirs not only 
exerted the major control on the stratigraphic and facies evolution in the 
study area, but also affected the distribution and eventual different 
location of fans at different periods of time, as illustrated by the 
amplitude maps. 
 
 Growth on mud diapirs also affected the depositional processes by 
changing the main depositional axes within the intra-slope basins in the 
study area from an original partial confinement in Basins I and II to a 
NE-SW, and later to an E-W depositional axis through time. This is well 
illustrated by the interval isochron maps generated for the study interval.  
 
 Amalgamated or accretionary channel complexes (ACCs) are another 
type of seismic facies recognized in the study area in addition to mass 
transport complexes (MTCs), distributary channel and lobe complexes 
(DLCs), and drape complexes (DCs) that have been identified by earlier 
workers. ACCs can be distinguished from DLCs by their seismic 
character in that, while ACCs generally consist of high-impedance, 
discontinuous, and chaotic seismic reflections, DLCs are made up of 
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continuous, high-impedance, layered seismic reflections. ACC is another 
reservoir facies type that could be a good exploration target. 
 
 Channels in the study area vary in both morphology and associated 
depositional elements. Channel sinuosity was found to generally reduce 
with decreasing age of occurrence. The more sinuous and older channels 
had reservoir facies deposited both within their axes and as lobes. The 
less sinuous and younger channels only had reservoir facies deposited as 
lobes, because their channels were narrow and incising. Knowledge of 
channel architectural variation will give an idea of the type of deposit to 
anticipate within each slope channel. 
 
 Six different types of reservoir elements were identified in the study 
area. Three reservoir elements associated with the channel axis are: (1) 
meander loop fill and overbank deposits, (2) lateral accretionary channel 
deposits, and (3) vertical accretionary channel deposits. Each of these 
varies greatly from the other in its architectural characteristics. Also, 
three reservoir elements that vary in their architecture were associated 
with sheet deposits. They are: (1) incised sheets, (2) superposed sheets, 
and (3) amalgamated sheets. Knowledge of these variations as well as 
identification of the different elements is paramount to a successful 
exploration and development plan. 
 
 Study of stratigraphic evolution revealed that the basin was filled in a 
progressive or stepwise manner. Basin II was filled first with each of the 
seismic facies located further basinward than an equivalent seismic 
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facies of the underlying (older) sequence. This knowledge of the 
stratigraphic evolution will help in determining the approximate location 
of facies of interest. 
 
 The mass transport deposits in the study area have greatly affected the 
paleotopographic relief of the basin and thus affected the sites of fan 
deposition, the morphology of the slope channels, as well as the 
architecture of deposits associated with the channels. 
 
 The depositional model generated for the study area, and for any similar 
intra-slope basins where mud diapirs provide the structural control, 
shows repeatable and cyclic depositional processes involved in 
sedimentation in this type of basin. The ideal major depositional cycle is 
made up of mass transport deposits at the base, overlain by a distributary 
channel and lobe complex, overlain by an amalgamated channel 
complex, and capped by a drape complex. A mega depositional cycle is 





 Determine rate of movement on the mud diapirs through structural 
restoration process using 2DMove. 
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